ABSTRACT: Ability to select service sires that minimize partial or complete losses of pregnancy could have major economic impacts in sheep production systems. This study tested the null hypothesis that survival of potential progeny did not vary with breed type of service sire or among individual rams. Data included 980 ewes on 10 farms; each ewe was pregnant to 1 of 67 rams of 12 breeds. Number of conceptuses was estimated once during pregnancy by ultrasonography, either transrectal (embryos) or transabdominal (fetuses), and was compared with number of lambs born to estimate losses. Data were examined first for number of lambs born and second for documented losses. Individual service sires affected number born (P < 0.001), which varied from 0.70 to 2.45 lambs per pregnant ewe. The main effects of breed type on lambs born were not significant, but breed types of both service sires (P < 0.0002) and ewes (P < 0.001) interacted with diagnosed number of conceptuses. Lambs born varied with ewe age (P < 0.0001) and among farms (P < 0.0001), and statistically, farms interacted with number of diagnosed conceptuses (P < 0.0001); season had no effect. In documented losses, there were both main effects of individual service sire and a service sire × number of diagnosed embryos interaction (P < 0.005). Thus, ewes bred to some rams were more apt to lose single pregnancies, whereas ewes bred to other rams were more apt to lose 1 or more embryos or fetuses from multiple pregnancies. Breed type of service sire affected (P < 0.05) prenatal death. Complete losses of single conceptuses tended to be greater in ewes bred to black-faced or hair-type rams (service sire breed type × number of diagnosed conceptuses; P < 0.09). Breed type of ewes also varied in incidence of complete losses (P < 0.05); hair-type ewes (46%) lost more (P < 0.02) documented conceptuses from examination to birth than black-faced (27%), white-faced (20%), or dairy-type (25%) ewes. Greater losses of singles than of multiples occurred in black-faced (37% vs. 18%) and hair-type (64% vs. 27%) ewes than in other breeds (ewe breed type × number of conceptuses; P < 0.03) per ewe. Surprisingly, purebred conceptuses were lost less often (24%) than crossbreds (36.4%; P < 0.002). Selection of rams based on records of prenatal losses in ewes they serviced may be a method to decrease embryonic and fetal wastage. However, further study to determine repeatability of differences among service sires from year to year will be required.
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INTRODUCTION
On the basis of literature reviewed by Dixon et al. (2007) , many factors play a role in conception and in ewe prolificacy, despite high rates of ovulation and fertilization (90% to 95%). Nutrition, genetics, temperature, age and quality of gametes, body condition of the dam, hormone concentrations, diseases, and other factors regulate mechanisms that can lead to loss of approximately half of all potential conceptuses before prenatal development can be completed. Some treatments for synchronizing estrus can increase embryonic loss (Lunstra and Christenson, 1981; Ahmad et al., 1995; Santos et al., 2004; Wurst, 2007) . As ovulation rate increases, prenatal mortality increases (Robinson, 1951; Southey et al., 2001; Devonish et al., 2009) . Development during the embryonic period (until d 42 of pregnancy) involves embryonic genome activation, compaction, blastocyst formation, elongation of the trophoblast, maternal recognition of pregnancy, development of the inner cell mass, differentiation of placental tissues, and organogenesis (Hansen et al., 1999) . These processes can fail because of flaws in maternal function or intrinsic defects in the embryo. In dairy cows, most losses occur during the embryonic period (Ahmad et al., 1995; Wiltbank et al., 2002; Santos et al., 2004) . In mated ewes, 28% were not pregnant at 25 d postestrus . Of embryos present at d 25, 3% to 4% were lost every 20 d during late embryonic and fetal development . Few authors have studied the effect of the service sire (sire of embryo or fetus) beyond differentiation, development, spermatogenesis, fertilization, and early embryonic survival. Heat-stressed spermatozoa can lead to poor conception and abnormalities or embryonic death at the morula, blastocyst, and attachment stages of early embryonic life (Hulet et al., 1956; Dutt and Hamm, 1957; Howarth, 1969) . The objective of the present study was to utilize ultrasonographic counts of conceptuses and number of lambs born to evaluate effects of individual sires and breed types on occurrence of late embryonic and fetal mortality and prolificacy.
MATERIALS AND METHODS

Animals
Nine hundred and eighty diagnosed pregnant ewes that were bred during the anestrous season (May, June, July, and August), early estrous season (September), or estrous season (October, November, and December) were studied on 10 farms, each located in 1 of 5 states (West Virginia, Maryland, New York, Ohio, and Wisconsin) . Ewes were exposed to individual rams on each farm. A total of 67 rams of 12 different breeds was studied during a 2-yr period. The ram breeds were Dorset, Dorper, Katahdin, Lacaune, East Friesian, Romney, Rambouillet, Targhee, Polypay, Texel, Suffolk, and Hampshire. Any ewes that died or were culled between the time of pregnancy diagnosis and lambing were removed from the study (and not included in the total 980 ewes). The ewes studied were composed of 12 breeds or crosses, including Dorset (285), Dorper (7), Katahdin (108), Lacaune (78), East Friesian (42), Romney (35), Targhee (18), Polypay (69), Texel (47), Suffolk (38), Hampshire (227), Rambouillet (9), and Rambouillet carrying the Booroola gene (17). For data analyses, ewe age was the age at breeding.
All animal procedures were approved by the Institutional Animal Care and Use Committee of West Virginia University (protocol number 10-0501). 
Protocols for Synchronization of Estrus
Pregnancy Determination
Pregnancy determination and counts of embryos or fetuses were made at a single observation by ultrasonography using an Aloka 500 (Corometrics Medical Systems, Wallingford, CT) with a 7.5-MHz linear transrectal probe, as described by Schrick and Inskeep (1993) for embryos, or a 3.5-MHz transabdominal sector probe, as reviewed by Hesselink and Taverne (1994) for fetuses. Transrectally examined ewes were restrained in a dorsal recumbent position within a tilting squeeze chute for pregnancy determination and embryo counts. This practice caused no harm to the conceptus and minimal stress to the ewe . Transabdominal examinations were made in a standing position restrained by a head chute or by a person holding the ewe by the head and neck in a gentle but firm manner. The intent was to examine each flock near 40 to 45 d, when there would be pregnant ewes from the first 2 services. Thus, some early losses might not have been detected; on the basis of Dixon et al. (2007) , such losses would include 3% of embryos lost before d 25 in ewes that were pregnant at d 25 and another 3% to 4% in ewes that were 45 d or later when scanned.
Factors Involved in Embryonic and Fetal Mortality
Effects of various factors on embryonic and fetal survival or loss were measured first as lambs born per ewe in relation to classification at time of scanning as having single or multiple conceptuses. This less precise approach was necessitated because of an unusual number of triplet births in ewes in which only 2 potential progeny had been recorded. The distribution among farms and extent of those diagnostic errors are presented in Table 1 . Therefore, a number of animals could have experienced undetected losses and still delivered twins. Factors investigated were breed type of service sire, individual service sire, season the ewe was bred, breed type of the ewe, age of the ewe and interactions among these factors on individual farms. After removal of ewes that had more lambs than diagnosed (n = 166), a second analysis was conducted. The same factors were examined for effects on detected losses in the remaining 814 ewes.
Statistical Analyses
Analysis 1. Factors investigated for effects on numbers of lambs born were number of conceptuses at diagnosis (single or multiple), individual service sire, breed type of service sire, season ewe was bred, breed type of the ewe, age of the ewe, conceptus type (purebred or crossbred), farm, and interactions among these factors. The GLM procedure of SAS (9.1; SAS Inst. Inc., Cary, NC) was used to examine the main effects and interactions of these factors on the pregnancy outcome. All variables tested were confounded with farm because not all farms contained all breeds, and individual service sires were confined to individual farms. Similarly, breed type of ewe was confounded with farm, individual service sires, and their breed types. Also, not all farms had ewes bred in all estrous seasons. For both ewes and service sires, breeds were grouped into 4 phenotypic categories (black-faced [265 ewes, 25 rams], white-faced [480 ewes, 30 rams], hair-type [115 ewes, 5 rams], and milking [120 ewes, 7 rams] breeds). Crossbred mottled-faced ewes were categorized as black or white faced on the basis of the breed of the sire. The months ewes were bred were pooled to represent the anestrous season (May, June, July, and August), early estrous season (September), or estrous season (October, November, and December). Because of the confounding among factors described above, each independent variable (individual service sire, breed type of service sire, season ewe was bred, breed type of the ewe, age of the ewe, conceptus type, and farm) of interest was analyzed in a separate model, with number of conceptuses at diagnosis and interaction of the independent variable with that number included in each model (n = 980 ewes from 10 farms). The analysis of variance table for individual service sires is illustrated as an example of the model in Table 2 . Most farms included all age groups of ewes, but some farms provided only partial data on ewe age. Therefore, to determine the effect of age of ewe, only data from ewes with recorded ages were included in that analysis, with a total of 697 ewes.
Analysis 2. A second analysis evaluated effects of the variables of interest on the detected losses of pregnancy in ewes (n = 814 ewes). This analysis was performed in the same manner as for number of lambs born. That is, each independent variable (individual service sire, breed type of service sire, season ewe was bred, 1 RMSE = root-mean-square error.
2 DF = degrees of freedom breed type of the ewe, age of the ewe, conceptus type, and farm) was examined individually in a model with number of conceptuses at diagnosis and the interaction of each independent variable with number of conceptuses at diagnosis. Farm differences were examined for losses of single conceptuses and for all or a portion of multiple conceptuses as well as both types combined.
RESULTS
Embryonic or fetal numbers in most ewes were estimated after the initiation of placentation on the basis of the observation (Table 1 ) that the median day of examination, estimated from the lambing dates, ranged from d 29 to d 53. As expected, ewes diagnosed with multiple lambs delivered more lambs than those diagnosed with singles (single vs. multiple; P < 0.0001). Data are presented first for the number of lambs born and second for losses in ewes that had an equal number of or fewer lambs born than were diagnosed.
Analysis 1: Effects on Number of Lambs Born
Individual Service Sires. Individual service sires had a significant effect on number of lambs born (prolificacy; P < 0.001). Among service sires, prolificacy ranged from 0.70 to 2.45 lambs per diagnosed pregnant ewe. In addition, the patterns of distribution of numbers of lambs born per service sire differed for ewes diagnosed with single or multiple conceptuses (interaction of ram × number diagnosed; P < 0.02; illustrated in Fig. 1) .
Breed Type of Service Sire. The main effect of breed type of service sire was not significant, but there was an interaction of breed type of service sire × number of conceptuses at diagnosis (P < 0.0002). Ewes diagnosed with a singleton from black-faced rams had 1.23 lambs born, and ewes diagnosed with multiple conceptuses delivered 1.94 live lambs per ewe. For white-faced rams, ewes with singletons at examination gave birth to 1.16 lambs, and ewes documented to be impregnated with multiples had 2.04 lambs per ewe. Ewes bred to dairy-type rams that were diagnosed with singletons actually gave birth to 0.95 lambs per ewe, and ewes examined with multiples had 1.96 lambs born per ewe. Ewes diagnosed with a singleton from hair-type rams had 1.29 lambs born, but ewes diagnosed with multiple conceptuses from hair-type rams delivered only 1.60 live lambs per ewe.
Breed Type of Ewe. There was no main effect of breed type of ewe, but there was a ewe breed × number of conceptuses interaction (P < 0.001). Number of lambs born to black-faced ewes with singletons (1.23) or to white-faced (1.16) or hair-type (1.31) ewes were greater than for dairy ewes with singletons (0.95). For diagnosed multiple conceptuses, hair-type ewes had fewer multiple births (1.64 lambs born) than the other 3 breed types (1.91 to 2.04).
Age of Ewe. There was a main effect of age of ewe (P < 0.0001), but no interaction with number of diagnosed conceptuses. In general, number of lambs born increased linearly with age (Fig. 2) . The 5-yr-old and older ewes had a mean of 1.96 lambs born per ewe, which was significantly greater than ewe lambs, or 1-and 2-yr-old ewes.
Farm. The number of lambs born varied significantly with farm (P < 0.0001) as well as the farm × number of diagnosed conceptuses interaction (Fig. 3) . Ewes on farm 8 were the most prolific overall, with 1.85 lambs born per ewe. The hair-type sheep on farm 9 delivered only 1.33 lambs per ewe.
Season of Breeding. There was no significant difference in prolificacy among seasons (P = 0.42). Ewes bred during the estrous season (October, November, and December) had 1.48 lambs born per ewe compared to 1.61 for ewes bred during anestrus or 1.64 for ewes bred early in the estrous season. 
Analysis 2: Factors Affecting Documented Embryonic or Fetal Losses
The term "documented losses" is defined as losses in ewes in which diagnosis was not known to have underestimated numbers of conceptuses. Overall, 20% of ewes had documented losses; however, as illustrated by variation among farms (Table 3) , 29.4% of conceptuses were lost. Data are reported as least squares means. Ability of conceptuses to complete gestation was affected by pregnancy type (P < 0.0001). Losses from single pregnancies (38.8%) were greater than from multiple pregnancies (21.7%).
Individual Service Sires. Individual service sires had a significant effect on the ability of conceptuses to complete gestation (Table 4 ). There was a ram × number of diagnosed conceptuses interaction (P < 0.005), indicating that ewes bred to some rams were more apt to lose single pregnancies, whereas ewes bred to other rams were more apt to lose 1 or more conceptuses from a multiple pregnancy.
Breed Types of Service Sires and Ewes. Breed type of service sire affected (P < 0.05) late embryonic and fetal death. Ewes bred to white-faced rams (20%) or dairytype rams (21%) lost fewer conceptuses than those bred to black-faced (30%) or hair-type (42%) rams, which did not differ significantly. Apparently greater complete losses of single conceptuses in ewes bred to black-faced or hair-type rams were represented by a tendency (P < 0.09) for an interaction of ram breed × number of conceptuses at diagnosis.
Breed type of ewe affected (P < 0.05) late embryonic and fetal death. Hair-type ewes (46%) lost more (P < 0.02) documented conceptuses from the time of examination to birth than black-faced (27%), whitefaced (20%), or dairy-type (25%) ewes. Greater losses of single than of multiple conceptuses were observed in black-faced (37% vs. 18%) and hair-type (64% vs. 27%) ewes than in the other breeds, as depicted by an interaction of breed × number of diagnosed conceptuses (P < 0.03) per ewe. Black-faced ewes had a tendency to lose 1 of multiple conceptuses and still maintain pregnancy, whereas white-faced ewes experienced a greater number of losses of single-conceptus pregnancies. Complete embryonic or fetal death was observed in 76 ewes, and partial losses were documented in 119 ewes.
Ewe Age. Age of ewe had a significant effect on losses, with no interaction with number of diagnosed conceptuses. Ewe lambs lost significantly fewer conceptuses (less than 1%) than any other age group (P < 0.05). Losses increased linearly with age, as shown in Fig. 2 , with the greatest losses occurring in the oldest ewes, although statistically they did not differ from 3-or 4-yr-old ewes.
Breed Type of Conceptus. Purebred conceptuses were lost less often (24%) than crossbred conceptuses (36.4%; P < 0.002). There was no interaction with diagnosed number of conceptuses.
Farm. Both farm and farm × number of conceptuses interaction were significant (P < 0.0001) for documented losses, as illustrated in Table 3 and Fig. 3 .
DISCUSSION
Effects of Service Sire, Diagnosed Numbers of Conceptuses, and Genetic Type of the Conceptus
There were effects on late embryonic or fetal mortality for both individual service sires and their breed types. Individual service sires played a major role in the number of conceptuses that were retained to term. Breed types of service sires differed in losses overall, and degree of loss tended to vary among breed types according to whether the ewe had singles or multiples at diagnosis. Losses were greater in ewes bred to black- Means within a row without common superscripts differ (P < 0.05). Loss of multiple conceptuses on farm 10 differed from all other farms (P < 0.05). 1 Based on data from ewes for which there were no gains in litter size over number of conceptuses that were observed and recorded at diagnosis by ultrasonography.
faced or hair-type rams, but in contrast to greater losses by black-faced ewes in the earlier study by Dixon et al. (2007) , black-faced, white-faced, and dairy-type ewes all had fewer losses than hair-type ewes. Morris et al. (2003) found individual service sire differences during early embryonic development. Once differences in embryonic development rates were detected, they persisted throughout the in vitro culture period. Those findings were reflected in vivo by reduced embryonic survival rates. Morris et al. (2003) concluded that service sire differences were significant during embryonic development before embryonic genome activation but observed no differences among them in the total number of lambs born, in contrast to the current results. Carr et al. (2000) determined from an 8-yr study that individual rams impacted ewe prolificacy. Differences in prenatal mortality among ram breeds were observed when individual purebred rams of other breeds were bred to Merino ewes (Afolayan et al., 2008) . From those studies, losses appeared to be due, in part, to the paternal contribution to the conceptus (Carr et al., 2001 ). On the other hand, Humblot and Denis (1986) did not find a service sire effect on late embryonic death in cattle. Nevertheless, differences among individual service sires and breed type in numbers of lambs born or in documented losses in the present study were interpreted to be due, at least in part, to genetic factors.
The current study used nearly all purebred rams. Therefore, effects of hybrid vigor of the service sire could not be examined. A hybrid vigor response by the conceptus was expected because Sidwell et al. (1962) had observed increased prolificacy and overall reproduction as breed type changed from purebred to 3-and 4-way crosses. However, ewes impregnated with crossbred conceptuses experienced greater late embryonic or fetal mortality than ewes with purebred conceptuses. Present results cannot be compared to those of Afolayan et al. (2008) because Afolayan et al. (2008) did not include purebred conceptuses. The unusual findings in this study should be investigated in greater detail for a better understanding as to why the crossbred conceptus was more likely to be lost.
Relationships to Breed Type and Age of Dam
Most ewes examined in the current study were purebred; crossbred ewes were classified into the 4 groups on the basis of the breed of their sires. Breed type of the ewe, as classified into these groups, had no main effect on number of lambs born. However, the maternal contribution to number of lambs born was determined in part by her age × breed type interaction. In a study by Saoud et al. (1984) , breed of dam, as classified by her sire, was not a statistically significant factor. Hanrahan and Piper (1992) and Cassell et al. (2003) documented that the genotype of the ewe had an impact on competency of the conceptus. Similarly, Van Raden and Miller (2006) reported that the conceptus genotype in cattle was a major player in pregnancy retention to term.
The dam's age has a direct effect on ovulation rate and on the number of live lambs born Hanrahan, 1977, 1983; McMillan and McDonald, 1985) . In the current study, there was a progressive linear increase with ewe age in the number of lambs born. This pattern of ewe prolificacy with age was similar to that seen by Sidwell et al. (1962) in 5 breed types. However, these data did not agree with those of Turner and Dolling (1965) , who found a curvilinear pattern. Inskeep et al. (1967) found similar results as Turner and Dolling in a 20-yr study involving repeatability of ewe prolificacy. The current results may reflect flock selection for prolificacy and longevity or culling of nontwinning older ewes in many flocks. The number of ewes was fewer at the older ages, indicating that only the most productive ewes were being retained beyond 5 yr of age.
In the present study, late embryonic or fetal losses increased with age in the same pattern as number of lambs born. This result may reflect the increase in losses seen with increased ovulation rates (Meyer, 1985; Knights et al., 2003a; Dixon et al., 2007; Devonish et al., 2009) . Although number born increased with age, efficiency of maintenance of conceptuses decreased with age. Thus, ewe lambs exhibited less apparent pregnancy wastage. In contrast, Quirke and Hanrahan (1983) and Kleemann et al. (1990) reported that ewe lambs had greater embryonic loss and there was very little variation in all other age groups. As expected, a greater percentage of the ewe lambs were carrying singletons, and complete losses of singles were low in other studies .
It was not determined whether specific individual breeds within breed type and age categories affected litter size because of small numbers in many subgroups. Hair-type ewes had the greatest percentage of docu- mented embryonic and fetal wastage (30.7%), and the lowest embryonic and fetal wastage occurred in milking-type ewes (15.7% documented losses). Dixon et al. (2007) found that white-faced ewes retained the conceptus to term at a higher rate than black-faced ewes. Possible explanations for differences among breed types of ewes included the time of gestation that conceptuses were counted or differences in uterine capacity or inherent embryo quality. Negative relationships between ovulation rate and lambs born per ovulation have been reported in numerous studies (Meyer, 1985; Knights et al., 2003b; Dixon et al., 2007) . In the current study, prolificacy was 1.62 lambs per ewe, which was slightly less than the average observed by Dixon et al. (2007) . Uterine capacity may have influenced the number of lambs born per ewe through the inability to sustain additional conceptuses, as was believed by Spencer and Bazer (2004) and Blasco et al. (2005) . Meyer (1985) and Nawaz and Meyer (1991) observed differences among breed types and concluded that uterine capacity was greater in genotypes known to have larger litter sizes.
Partial Compared to Complete Losses
In agreement with Dixon et al. (2007) , ewes in the current study experienced partial losses more frequently than total pregnancy failure. In this study, 20% of the 980 ewes observed at diagnosis experienced partial or total late embryonic or fetal wastage. Eight percent of the ewes experienced total pregnancy failure, 11% lost 1 conceptus, and 1% lost multiple conceptuses but retained at least 1 fetus to term. Black-faced ewes had fewer complete embryonic or fetal losses than white-faced ewes, which is in contrast to the result seen by Dixon et al. (2007) .
Seasonal Factors
Surprisingly, ewes bred during the estrous season did not have more lambs born than ewes bred during the anestrous or early estrous seasons. This result is in contrast to most reports in the literature (Lunstra and Christenson, 1981; Pope et al., 1989) . Mitchell et al. (1996) and Al-Shorepy and Notter (1997) suggested that seasonal differences in the number of lambs born are due to ovulation rate. Ovulation rates normally peak during the estrous season. Therefore, one might have expected more wastage at that time. In contrast, environmental heat and cold stress had negative impacts on late embryonic and fetal survival (Hulet et al., 1956; Shelton and Hutson, 1968; Hansen et al., 2001; Yakubu et al., 2007) , so more losses might be expected in ewes bred during anestrus. Regardless, there were no seasonal differences in embryonic and fetal death.
Accuracy of Counts of Conceptuses
The underestimates of number of conceptuses in 22% of the ewes studied were a cause for concern. These underestimates occurred more often in ewes scanned either very early or very late in gestation and more often in some flocks than in others. Accuracy of the counts was believed to depend partially on the position of the conceptus and stage of gestation and partially on the experience of the examiner. This interpretation is supported by the conclusion by Schrick and Inskeep (1993) that accuracy of embryo counts by transrectal examination was greatest around d 30 of gestation, possibly because of appropriate size and location of the embryo or fetus within the uterine horn.
Conclusion
The service sire influenced the ability of the conceptus to develop to term. Although much of the paternal role is still a mystery, careful ram selection based on prior records might decrease embryonic and fetal wastage by improving conceptus competence genetically. The individual sire's influence on the conceptus needs to be investigated further to determine repeatability of differences among service sires from year to year and to better understand the mechanisms controlling the paternal factors that affect embryonic and fetal wastage. If the trait is repeatable, development of EBV for the ability of the conceptus to be born alive will be appropriate.
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